Members of the viral subfamily
Herpesvirus infections occur in many groups of animals, including mammals, fish, bivalves, amphibians, and birds (24) . Members of the subfamily Alphaherpesvirinae infect mammals and birds, have a fast replication cycle, and establish latency in neurons (24) . Latency in neurons is the persistence of the viral genome in the nuclei of sensory neurons and ganglia by means of the expression of a multifunctional latency-associated transcript that, among other actions, represses the expression of viral lytic-phase gene products (12) . The regulatory mechanisms of the latency-associated transcript are not yet totally understood. Reactivation and subsequent shedding of virus and occasional reappearance of disease may occur after stress, immune suppression, or concomitant infections (10) .
Bovine herpesvirus type 1 (BoHV-1) causes the respiratory disease infectious bovine rhinotracheitis and the genital disease infectious pustular vulvovaginitis, as well as encephalitis and abortion, in bovines and is the most studied ruminant alphaherpesvirus (10, 20) . Campaigns to eradicate infectious bovine rhinotracheitis and infectious pustular vulvovaginitis in bovines have long been conducted in many countries with differing success rates (1) . Possible problems for the eradication of BoHV-1 infections may arise from cross-species infections and serological cross-reactions with antigenically related ruminant alphaherpesviruses, such as cervid herpesviruses 1 and 2 (CvHV-1 and CvHV-2), bubaline herpesvirus 1 (BuHV-1), elk herpesvirus 1 (ElkHV-1), and caprine herpesvirus 1 (CpHV-1). Experimentally it has been demonstrated that CvHV-2 can infect bovines and cause a mild rhinotracheitis, but no latency of CvHV-2 has been detected in bovines (18, 34) . Serological evidence of CvHV-2 infection has been reported for both wild (13) and semidomesticated (31, 36) reindeer (Rangifer tarandus tarandus) in Norway, for barren-ground caribou (Rangifer tarandus groenlandicus) in Greenland (4), and for Grant's caribou (Rangifer tarandus granti) in Alaska (8) .
CvHV-2 infection of reindeer has been described as asymptomatic, and like herpesviruses in general, CvHV-2 most likely establishes latency (9, 19, 33, 34) . The latter possibility has been supported by the isolation of the virus from the vaginas and noses of reindeer after the induction of viral reactivation by dexamethasone treatment in Finland and Sweden, respectively, but latency was not verified by amplification of viral DNA from nerve ganglia (23 (31, 36) , it was considered necessary to conduct a study of the possible impact of CvHV-2 infection on reindeer health. In many ruminant species, alphaherpesvirus infections have an impact on reproductive success by causing abortions and increased offspring mortality (16, 21, 29, 30, 33, 34) . However, there is no information on the impact of CvHV-2 infection in reindeer on respiratory disease or reproductive success. In this study, reindeer nasal swabs, trigeminal ganglia, and fetal samples were investigated by PCR for the presence of CvHV-2 DNA.
MATERIALS AND METHODS
Animal samples. Reindeer heads were collected at an abattoir immediately after slaughter. The heads were bisected sagittally, and the entire trigeminal ganglion was dissected aseptically and placed in a cryotube (Nunc, Roskilde, Denmark) with 2 ml of Earle's minimal essential medium with 2% penicillinstreptomycin (10,000 U/ml penicillin and 10 mg/ml streptomycin; Sigma-Aldrich, Oslo, Norway). The nostrils were swabbed, and the swabs were put in Earle's minimal essential medium with 2% penicillin-streptomycin. Samples were immediately frozen at Ϫ20°C until further processing.
During the slaughter of reindeer in February 2005, a group of 270 adult females from three reindeer-herding districts was checked for pregnancy. Fortyeight fetuses approximately 5 months old, with calving expected in late April to early May, were removed aseptically from the uterus without disruption of the amniotic sac in order to ensure that there was no contact with maternal tissues apart from that naturally established via the placenta. Fetuses were placed in individual plastic bags and frozen at Ϫ20°C until further processing. Whenever possible, serum from the mother animal was sampled. After arrival in the laboratory, the fetuses were weighed and their sexes determined. The amniotic fluid, liver, lung, spleen, and blood from each fetus were sampled for DNA extraction.
DNA extraction and PCR. DNA was extracted from 75 nasal swabs, 143 trigeminal ganglia, and 192 fetal tissue samples (from 48 fetuses) using DNeasy Blood & Tissue kits (Qiagen, Hilden, Germany). DNA concentrations were measured, and similar amounts were added to the reaction mixture for each sample. The animals from which trigeminal ganglion and nasal swab samples were collected represented 10 of the 14 reindeer-herding districts in Finnmark County that had been included in a previous serosurvey (das Neves et al., submitted).
Amplification by nested pan-alphaherpesvirus PCR was carried out as described previously (27) . The primer sets used were primer pair CR30 (5Ј-TCGAARGCCGAGTACCTGCG-3Ј) and CR31 (5Ј-CCAGTCCCAGGCRA CCGTCAC-3Ј) and primer pair CR32 (5Ј-TGGTGGCCTTYGACCGCGAC-3Ј) and CR33 (5Ј-GCTCCGGCGAGTAGCTGGTGTG-3Ј), but no mimic molecule, as designed by Ros and Belak (27) , was used in this study. Cell culturegrown viruses (BoHV-1 and CvHV-2) were added as positive controls, while samples from a seal and a reindeer (both negative by a virus neutralization test and an enzyme-linked immunosorbent assay) were used as negative controls. Serial dilutions of controls and samples were tested to evaluate the sensitivity of PCR and to evaluate inhibition of amplification. The two primer sets amplified a region of UL27 (encoding glycoprotein B), a gene highly conserved among ruminant alphaherpesviruses, producing amplicons of 443 and 294 bp, respectively (26) . The PCR products were separated by agarose gel electrophoresis and visualized with SYBR green (Roche Applied Biosciences, Basel, Switzerland). Amplicons of the expected size (294 bp) were sequenced either directly or after reamplification with CR32-CR33. Primers and deoxynucleoside triphosphates were removed from amplicons by using ExoSapIT reagent (Amersham Pharmacia, Uppsala, Sweden). Cycle sequencing was conducted in both directions using BigDye 3.1 reagents (ABI BigDye Terminator, version 3.1; Applied Biosystems, Carlsbad, CA). Two microliters of 125 M EDTA, 2 l of 3 M sodium acetate, and 50 l of ethanol were added to the 20-l product. Electrophoresis of the cyclesequencing extension products was conducted in an ABI Prism DNA analyzer, model 377 (Applied Biosystems).
Sequence alignment and phylogeny. The sequences obtained were assembled and aligned with the DNAStar program package (DNAStar Inc., Madison, WI), which uses Clustal W (11).
For alignment and comparison, sequences from the UL27 genes of ruminant alphaherpesviruses BoHV-1 (accession number NC001847.1), CvHV-1 (AF078729.2), CvHV-2 (AF078727.2), BuHV-1 (EF624476.1), ElkHV-1 (EF624478.1), and CpHV-1 (AF078728.2) were retrieved from GenBank (National Center for Biotechnology Information). The phylogenetic distances between sequences were estimated, and a tree was drawn with MEGA, version 4 (32), using the maximum-parsimony method (7) with the close-neighbor-interchange algorithm (17) . The reliability of the tree was assessed by bootstrapping (1,000 random data set repeats).
Serology. It was possible to sample sera from 44 of the 48 slaughtered pregnant females whose fetuses were investigated. Sera were tested for antibodies against alphaherpesvirus by using a blocking enzyme-linked immunosorbent assay kit as described elsewhere (6a).
Nucleotide sequence accession numbers. The sequences reported in this paper have been deposited in GenBank under accession numbers FJ409045 to FJ409051.
RESULTS
Necropsy of fetuses and serology of pregnant female reindeer. Of the 48 fetuses, 30 were female and 18 male. Their mean weight was 0.53 kg (range, 0.07 to 1.03 kg). No gross pathological changes were observed in any of the fetuses. Of the 44 serum samples from the pregnant females, 36 were positive and 8 were negative for antibodies against alphaherpesviruses.
PCR. The PCR conducted on nasal swabs, trigeminal ganglia, and fetal tissue samples produced amplicons of the predicted size. For some samples, two bands were visible, the 294-bp band produced by CR32-CR33 and the 443-bp band from the first primer set, CR30-CR31. In such cases, the 294-bp band was cut out from the gel and run in a new PCR with primer set CR32-CR33 before sequencing.
Twelve of the 48 fetuses had PCR-positive results, but only one type of tissue was positive for each. The 5 PCR-positive nasal swab samples originated from 4 different districts, while the 27 PCR-positive trigeminal ganglion samples originated from all 10 districts included in this study. Trigeminal ganglia were also available for two of the animals from which the five PCR-positive nasal swabs were collected, and both were found to be PCR positive. The PCR results are summarized in Table 1 .
Sequence alignment and phylogeny. The nucleotide sequences of 15 PCR amplicons, originating from two nasal swabs and eight trigeminal ganglia from adult animals and from one blood, two liver, and two spleen samples from fetuses, were aligned with reference sequences. The 15 sequences were 99 to 100% homologous to the reference strain for CvHV-2, with only one nucleotide difference at position 188 of the consensus sequence (Fig. 1) . The differing nucleotide (C versus T) was present in eight samples, of which seven came from trigeminal ganglion samples from different geographically separate districts. The mismatch was at a nonsynonymous site. All sequences obtained in this study were trans-lated into an amino acid sequence similar to the sequence placed in GenBank for CvHV-2 (ID ADD46113.2).
Phylogeny showed that the sequences obtained in this study clustered together with CvHV-2, while BoHV-1 and BuHV-1 clustered together, as did CvHV-1 and ElkHV-1, as found in previous studies (26, 35) (Fig. 2) .
DISCUSSION
The pan-alphaherpesvirus PCR primers used here successfully amplified CvHV-2 DNA from trigeminal ganglion, nasal, and fetal tissue samples from semidomesticated reindeer. The nucleotide sequences obtained, and their alignment with the sequences of other ruminant alphaherpesviruses, confirmed that the virus circulating in reindeer in Finnmark is CvHV-2. The sequenced amplicons either were identical to the only available CvHV-2 nucleotide sequence (strain Salla 82), which was obtained from a virus isolated from reindeer in Finland in 1982, or differed from it in just one nucleotide.
Several serological studies of CvHV-2 infection in reindeer that have been carried out in the past 10 to 20 years have confirmed a widespread distribution for alphaherpesvirus infections in semidomesticated reindeer (31, 36) . Nonetheless, alphaherpesviruses have not been isolated from reindeer in Norway or detected by PCR. The presence of CvHV-2 DNA in the nasal, trigeminal ganglion, and fetal tissue samples indicated respiratory infection, latency in the trigeminal ganglion, and in utero infection, respectively.
CvHV-2 was found by PCR in the liver, lung, spleen, and blood samples of 12 of the 48 fetuses analyzed. This shows that CvHV-2 can cause infection in the fetus in utero. Curiously, only single samples from the individual fetuses were positive. The fetuses were obtained at slaughterhouses and did not represent aborted material. This could indicate that the infections in the fetuses were restricted or were in a primary phase, since fulminant infections were not observed. In utero transmission of alphaherpesviruses has been described for several other ruminant species (34) but has not been observed in reindeer. These CvHV-2 PCR-positive fetal tissues show that CvHV-2 can be transmitted from mother to fetus in reindeer and that it could thus be a causative factor of abortions and neonatal calf deaths in this species.
In reindeer husbandry systems such as that in Finnmark County, where close control of individual animals is not possible and where aborted material is swiftly removed by scavenger animals, the gestation status has to be assumed. It is therefore difficult to study the etiology of abortions and reproductive failure. In cattle, BoHV-1 is known to be a cause of abortion, depending on the virulence of the strain and the type of infection (primary versus activated latent infection), since reactivation of the virus normally does not induce abortion (16, 33) . Transmission to the fetus is believed to occur via the umbilical vein (6, 29) , since there is consistent evidence of BoHV-1 in the fetal liver, but the virus can also be recovered from, and cause lesions in, the spleen, where focal necrosis can be extreme, or in other organs, such as the lungs, kidneys, and brain (15, 16, 29) . BoHV-1-induced abortions usually occur during the last trimester of gestation (30) . Fetal death and abortion can occur as early as 48 h postinfection (29) but also as late as 64 days (16) . Reindeer have a normal gestation period of 225 to 235 days, and delivery usually occurs toward the end of April or in early May (25, 28) . The reindeer fetuses in this study were sampled in February, and the animals should then have been in the beginning of the last trimester of gestation. This would further explain the lack of lesions in organs where CvHV-2 was found, since the infection could have been in its early-onset stage. A low viral copy number or noninfective viral particles might explain the lack of lesions and disease. Attempts to isolate virus from the tissues in cell culture were not successful. The presence of CvHV-2 in reindeer fetal tissues in utero indicates a preceding viremia in the adult mother. Bovine abortion due to BoHV-1 has been found to be a sequel to respiratory infection and viremia rather than a consequence of vaginal infection (16, 29) . Therefore, a search for CvHV-2 on respiratory mucosal surfaces (on nasal swabs) and for latent viruses in nerves related to the respiratory system-the trigeminal ganglia-was conducted. The results indicated that respiratory CvHV-2 infection in reindeer is common; 27 of 143 trigeminal nerve ganglia sampled were found to be PCR positive for the virus. It is assumed that only a low number of target episomes are present in the ganglia during latency, so our findings might represent a minimum number. Furthermore, the finding of CvHV-2 in 5/75 nasal swabs investigated indicated that an upper respiratory tract infection was present at the time of sampling and that the virus was being shed, since it was present on the nasal mucosa. The trigeminal ganglia of two of these five nasally infected animals were also PCR positive, suggesting a possible reactivation of CvHV-2 and excretion via the respiratory tract. The higher seroprevalence in high-carcass-mass animals (adults) than in low-carcass-mass animals (calves) (das Neves et al., submitted) can be explained by the hypothesis that CvHV-2 is transmitted via the respiratory route rather than being restricted to the genital tract. The results presented in this study, together with the high seroprevalence of CvHV-2 in adult animals, indicates that CvHV-2 infection is endemic in the reindeer population in Finnmark County and might have a potential impact on reindeer health as well as on reproductive success.
The presence of CvHV-2 DNA in trigeminal ganglia is consistent with the well-known pathogenesis of other ruminant alphaherpesviruses, showing latency in the trigeminal ganglia after upper respiratory tract infections (2, 14, 22) and in the sacral ganglia after genital infections (3, 20) . Previously, CvHV-2 was isolated from a genital swab after a reactivation protocol (9) , indicating that most likely, the virus was reactivated after latency in the sacral ganglia. These findings of CvHV-2 DNA in fetal tissues and in the trigeminal ganglia and nasal mucosae of adults make further studies of CvHV-2 infection in reindeer and its implications for reindeer health, including abortions and weak calves, important. Reindeer herds are key players in the arctic and subarctic ecosystems and are of the utmost economic and social importance for the indigenous peoples across Fenno-Scandinavia and other arctic regions. Serosurveys targeting alphaherpesviruses have pointed out the possible presence of alphaherpervirus infections. The study of diseases due to such infections, which might have an impact on sustainability and husbandry, FIG. 1. Sequences from the UL27 gene obtained from two trigeminal ganglion samples, TG_12 and TG_207, aligned to corresponding sequences from other ruminant alphaherpesviruses. A consensus sequence of 262 nucleotides is displayed. The sequences retrieved from GenBank are identified by their taxonomic abbreviations. TG_207 represents eight identical sequences differing from CvHV-2 only at position 188, while TG_12 represents the remaining seven sequences, which are identical to CvHV-2. The sequences retrieved from GenBank (with accession numbers in parentheses) were BoHV-1 (NC001847.1), CvHV-1 (AF078729.2), CvHV-2 (AF078727.2), BuHV-1 (EF624476.1), ElkHV-1 (EF624478.1), and CpHV-1 (AF078728.2). The consensus is boxed. FIG. 2 . Phylogenetic relationships between the UL27 gene sequences of two samples obtained from trigeminal ganglia, TG_12 and TG_207, and those of other ruminant alphaherpesviruses. TG_207 was identical to eight of the sequences obtained in this study, while TG_12 was identical to the remaining seven sequences. The sequences retrieved from GenBank (with accession numbers in parentheses) were BoHV-1 (NC001847.1), CvHV-1 (AF078729.2), CvHV-2 (AF078727.2), BuHV-1 (EF624476.1), ElkHV-1 (EF624478.1), and CpHV-1 (AF078728.2). The maximum-parsimony method was used. Tree branches corresponding to partitions reproduced in Ͻ50% of bootstrap replicates are collapsed. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) is shown next to each branch. The maximumparsimony tree was obtained by using the close-neighbor-interchange algorithm with a search level of 3, in which the initial trees were obtained by the random addition of sequences (10 replicates). The tree is drawn to scale. Branch lengths were calculated using the average pathway method; the unit is the number of changes over the whole sequence. There were 262 positions in the final data set, 18 of which were informative of parsimony.
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